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Abstract 
We have performed muon spin rotation and relaxation experiments in caged compound PrIr2Zn20 with the non 
magnetic *3 doublet state at J-PARC MUSE to elucidate the magnetic state. In the paramagnetic phase, we have 
observed a spontaneous muon spin precession, even in a zero field. This result suggests that a novel coupling between 
141Pr nuclei and muon is formed in PrIr2Zn20.  
 
1. Introduction 
The interest in Pr-based strongly correlated electron systems has been stimulated by 
the observations of attractive phenomena, such as heavy fermion state, 
superconductivity and multipole ordering. One of an important example is found in 
PrOs4Sb12 [1] which shows the heavy fermion state, unconventional superconductivity, 
and magnetic field induced quadrupole ordering. Recently, another example of the Pr-
based heavy fermion state is discovered in PrIr2Zn20[2]. PrIr2Zn20 belongs to caged 
structural compounds RT2X20 (X=Al and Zn) having the cubic CeCr2Al20-type structure 
where the R atoms are encapsulated in the cages formed by 16 zinc atoms. In caged 
structural f- electron system, multipole phase transition can be expected to occur, owing 
to the highly degenerate ground state. In PrIr2Zn20, no magnetic phase transition was 
observed by the magnetic susceptibility and the specific heat measurement. Instead, 
antiferroquadrupole  ordering  below  0.11 K  is  proposed  from  the   measurements[3]. 
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Furthermore, the magnetic susceptibility revealed superconductivity below 0.05 K. 
Since the non magnetic *3 doublet state is suggested in PrIr2Zn20[2], multipole 
interaction may play an important role for the appearance of the superconductivity. 
Therefore, microscopic studies of dipole and higher order multipole state are important 
to understand the nature of PrIr2Zn20. 
Muon spin relaxation method (ȝSR) is an ideal tool to investigate the ground state. 
We have performed ȝSR experiment in PrIr2Zn20 to investigate the magnetic state.  
2. Experimental
Conventional ȝSR measurement under zero magnetic field (ZF) was carried out at the 
D1-area, muon science facility (MUSE), J-PARC, Tokai, Japan. A positive muon beam 
with a momentum of 29 MeV/c was implanted into the specimen, and the time evolution 
of the muon spin polarization was recorded. For the measurements, the specimen was 
glued by Apiezon-N grease to a silver sample holder. The specimen was cooled down to 
3 K by using 4He cryostat. Single crystalline specimen of PrIr2Zn20 of approximately 
0.5g was used.  Initial spin direction of the muon is along (100) direction of the crystals. 
Low temperature measurements will be reported elsewhere. 
3. Results
Figure 1 shows the ZF-ȝSR spectra in PrIr2Zn20 at various temperatures. Above 100 
K, very slow muon spin relaxation, due to the nuclear dipolar moments of 141Pr, was 
seen.  Below 100 K, the muon spin relaxation gradually increases with decreasing 
temperature. 
  
   
      
 
 
  
 
 
 
 
 
 
 
 
  
  
  
 
 
 
 
Fig. 1. ZF-ȝSR spectra in PrIr2Zn20 at various temperatures. 
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Above 20 K, the ZF-ȝSR spectra were fitted by using single exponential muon spin 
relaxation function, 
  
F(t)=Aexp(-Ȝt).                                                                                             (1) 
 
Figure 2 shows the temperature dependence of the muon spin relaxation rate Ȝ.  Ȝ 
steeply increases below about 70 K. At 20 K, Ȝ still increases with decreasing 
temperature.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2.  Temperature dependence of the muon spin relaxation rate Ȝ in PrIr2Zn20 above 20 K . 
 
Below 20 K, spontaneous muon spin precession was observed. As shown in Fig.1, the 
precession occurs with one frequency. The precession frequency gradually increases 
with decreasing temperature down to 3 K. The ȝSR spectra below 20 K were fitted by 
using following function, 
 
F(t)=A1exp(-Ȝ1t)+A2exp(-V2t2)+A3exp(-Ȝ2t)cos(2ʌf t+ĳ)                               (2) 
 
The temperature dependence of the muon spin precession frequency f is shown in Fig.3. 
f gradually increases with decreasing temperature. Even at 3K, the lowest temperature of 
the present measurements, f is still increasing. We have obtained f~0.65 MHz at 3 K, 
which corresponds to ~50 Oe for the local field at the muon site. 
4. Discussions
Here we discuss the origin of the homogeneous local magnetic field at the muon site. 
Usually, spontaneous muon spin precession under a zero magnetic field is observed in 
magnetically ordered state. However, we speculate that the spontaneous muon spin 
precession in PrIr2Zn20 is not due to a magnetic ordering for following reasons. 
First, no magnetic anomaly was seen in any bulk measurements. For example, the 
magnetic susceptibility measurement shows the Van-Vleck paramagnetism and no trace 
of a magnetic ordering is observed. In the specific heat measurement, no phase 
transition is found down to 0.2 K. 
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Fig. 3.  Temperature dependence of the muon spin precession frequency f in PrIr2Zn20 below 20 K . 
 
Furthermore, from these measurements, non-magnetic ī3 crystalline electric field 
ground state was proposed [2]. These facts strongly suggest the non-magnetic state is 
realized in PrIr2Zn20. 
Second, the temperature dependence of the muon spin relaxation or precession is 
quite different from that found for usual magnetic ordering. The muon spin relaxation 
rate starts to increase around 100 K and muon spin precession frequency is still 
increasing with decreasing temperature even at 3K. This temperature variation of the 
muon spin relaxation over the wide range of temperature is quite different from usual 
second order phase transition. 
Here we propose that the muon spin relaxation in PrIr2Z20 is due to formation of spin 
coupling between 141Pr nuclei and muon. In several Pr-based compounds, novel spin 
coupling between 141Pr nuclear spin and muon spin occurs, and anomalous spin 
relaxation has been observed [4]. Such a novel spin coupling may form in PrIr2Z20. To 
investigate the detail of the phenomena, further experiments are going on. 
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